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(54) FUEL SUPPLY DEVICE FOR ENGINE 

(57)Abstract: 

PURPOSE: To attain reduction of retarding of ignition, and 
smoke even when assistant fuel being the same in kind as main 
fuel is used in a fuel supply device which supplies the assistant 
fuel to the intake pipe of an engine independently on the main 
fuel. 

OONSTITUTION: Lovy boiling point component of fuel which is 
vaporized by a fuel fractionation device 1 1 is stored in a fuel 
storage tank 15 having a cooler as low boiling point fuel. High 
boiling point fuel including high boiling point component is 
supplied to an engine I through an injection pump 3 and an 
injection nozzle 4. The low boiling point fuel is injected from the 
storing tank 15 through an injector 17 to a fuel vaporizing 
device 19. The low boiling point fuel vaporized by the fuel 
vaporizing device 19 is supplied into an intake pipe 5 as 
assistant fuel. 
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* NOTICES * 
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damages caused by the use of this translation • 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The fuel supply system of the engine characterized by having a fuel separation means for 
separating the main- fuel supply means for supplying the 1st fuel to an engine combustion chamber as a main 
fiiel, and the low-boiling point component and high-boiling point component of the 2nd fuel, and obtaining a 
low-boiling point fuel, and a subfuel-supply means for supplying in an engine inlet pipe by using a low- 
boiling point fuel as an auxiliary fuel. 

[Claim 2] Said 2nd fuel is the fuel supply system of the engine according to claim 1 characterized by being 
said the 1st fuel and fuel of the same kind. 

[Claim 3] Said subfuel-supply means is the fuel supply system of the engine according to claim 1 
characterized by having a fuel atomization means for atomizing said low-boiling point fuel. 
[Claim 4] Said fuel atomization means is the fuel supply system of the engine according to claim 3 
characterized by having an ultrasonic vibrator for making said low-boiling point fuel excite and atomize. 
[Claim 5] Said main-fuel supply means is the fuel supply system of the engine according to claim 1 
characterized by using the high-boiling point fuel obtained according to separation with said low-boiling 
point component of said 2nd fuel by said fuel separation means, and said high-boiling point component as 
said 1st fuel. 

[Claim 6] Said main-fuel supply means is the fuel supply system of the engine according to claim 1 
characterized by supplying the high-boiling point fuel obtained according to separation with said low- 
boiling point component of said 2nd fuel by said fuel separation means, and said high-boiling point 
component to said combustion chamber as said main fuel with said 1st fuel. 
[Claim 7] Said fuel separation means is the fuel supply system of the engine according to claim 1 
characterized by using the exhaust air heat of said engine for separation with said low-boiling point 
component of said 2nd fuel, and said high-boiling point component. 

[Claim 8] It is the fuel supply system of the engine according to claim 2 characterized by for said engine 
being a diesel power plant and said 1st and 2nd fuels being gas oil. 

[Claim 9] Said subfuel-supply means is the fuel supply system of the engine according to claim 1 
characterized by controlling the amount of auxiliary fuel supply according to the operational status of said 
engine. 

[Claim 1 0] Said subfuel-supply means is the fuel supply system of the engine according to claim 9 
characterized by supplying said stored low-boiling point fliel in said inlet pipe when said low-boiling point 
fuel is stored and said engine is operated in the predetermined operation region. 

[Claim 11] Said predetermined operation region is the fuel supply system of the engine according to claim 
10 characterized by including the start-up operation region of said engine, an acceleration operation region, 
and a low-speed full admission operation region. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the fuel supply system which supplies an auxiliary fuel to a 

diesel power plant especially in addition to a main fuel about an engine fuel supply system, 

[0002] 

[Description of the Prior Art] Supplying the atomized auxiliary fuel in an engine inlet pipe apart from the 
main fuel supplied in an engine cylinder is known. According to such a fuel supply system, the ambient 
atmosphere which is easy to light into a cylinder is formed, firing to a main fuel is promoted, and an 
ignition-delay period is shortened by the auxiliary fuel which is rich in self-ignition nature. Moreover, 
mixing with a fuel and air is promoted, an air utilization rate improves, and the smoked discharge from an 
engine can be reduced. 
[0003] 

[Problem(s) to be Solved by the Invention] Although it is desirable to use a gasoline as an auxiliary fuel 
when using gas oil as a main fuel in a diesel power plant from viewpoints, such as the further reduction of a 
smoke, using a main fuel and an auxiliary fuel of a different kind for this appearance may lack in 
practicability. Therefore, generally in an above-mentioned fuel supply system, a main fuel and a fuel of the 
same kind are used as an auxiliary fuel. However, if a main fuel and an auxiliary fuel of the same kind are 
used, compared with the case where a main fuel and an auxiliary fiiel of a different kind are used, the 
ignition-delay period compaction effectiveness by auxiliary fuel supply, the smoked reduction effectiveness, 
etc, will become comparatively small. 

[0004] Then, this invention aims at offering the fuel supply system of the engine which can increase the 
ignition-delay period compaction effectiveness, the smoked reduction effectiveness, etc., also when a main 
fuel and an auxiliary fuel of the same kind are used. 
[0005] 

[Means for Solving the Problem] The fuel supply system of this invention is characterized by having a fuel 
separation means for separating the main-fuel supply means for supplying the 1st fuel to an engine 
combustion chamber as a main fuel, and the low-boiling point component and high-boiling point component 
of the 2nd fuel, and obtaining a low-boiling point fuel, and a subfuel-supply means for supplying in an 
engine inlet pipe by using a low-boiling point fuel as an auxiliary fuel. 

[0006] Preferably, the 2nd fuel is the 1st fuel and fuel of the same kind. Preferably, a subfuel-supply means 
has a fuel atomization means for atomizing a low-boiling point fuel. A fuel atomization means has an 
ultrasonic vibrator for making a low-boiling point fuel excite and atomize more preferably. Preferably, a 
main-fuel supply means supplies a high-boiling point fuel to a combustion chamber as a main fuel with the 
1 st fuel, using the high-boiling point fuel obtained according to separation with the low-boiling point 
component of the 2nd fuel and high-boiling point component by the fuel separation means as the 1 st fuel. 
[0007] Preferably, a fuel separation means uses engine exhaust air heat for separation with the low-boiling 
point component of the 2nd fuel, and a high-boiling point component. Preferably, an engine is a diesel 
power plant and the 1st and 2nd fuels are gas oil. Preferably, a subfuel-supply means controls the amount of 
auxiliary fuel supply according to engine operational status. More preferably, the subfuel-supply means 
stores the low-boiling point fuel, and when the engine is operated in the predetermined operation region, it 
supplies the stored low-boiling point fuel in an inlet pipe. A predetermined operation region includes an 
engine start-up operation region, an acceleration operation region, and a low-speed full admission operation 
region. 
[0008] 
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[Function] By the main-fuel supply means, the 1 st fuel is supplied to an engine combustion chamber as a 
main fuel. Moreover, the 2nd low-boiling point component and high-boiling point component of a fuel are 
separated by the fuel separation means, and a low-boiling point fuel is obtained. This low-boiling point fuel 
is supplied as an auxiliary fuel in an engine inlet pipe by the subfuel- supply means. Since a low-boiling 
point fuel is rich in self-ignition nature, firing to a main fuel is promoted and an ignition delay is shortened. 
Moreover, a sudden rise of engine combustion chamber internal pressure is controlled, and the operation 
noise decreases. 

[0009] In the suitable mode of this invention, the 1st fuel and the 2nd fuel of the same kind are used. Also in 
this case, since an auxiliary fuel consists of a low-boiling point fuel excellent in ignitionability, the ignition- 
delay compaction effectiveness is done so. Moreover, in another mode, it is atomized by exciting a low- 
boiling point fuel by fuel atomization means to have an ultrasonic vibrator, for example, for example, and, 
subsequently is offered as an auxiliary fuel. In this case, the ignitionability of an auxiliary fuel improves 
further and an ignition delay is shortened. Moreover, mixing with an auxiliary fuel and air will be promoted, 
an air utilization rate will improve, and a smoke will decrease. 

[0010] In another mode, a high-boiling point fuel is used as the 1st fuel, or it is supplied as a main fuel with 
the 1st fuel. In this case, a high-boiling point fuel is used effectively, without causing ignitionability 
lowering. In another mode, a low-boiling point component and a high-boiling point component are separated 
using engine exhaust air heat, and the special heat source for segregation becomes unnecessary. 
[001 1] In another mode, while gas oil is supplied to a diesel power plant as a main fuel, the low-boiling 
point component of gas oil is supplied as an auxiliary fuel, and improvement in a combustion condition by 
the diesel power plant is achieved. Furthermore, the amount of auxiliary fuel supply is controlled by another 
mode according to an engine operation condition by the subfuel-supply means. For example, when the 
engine is operated in the predetermined operation region including a start-up operation region, an 
acceleration operation region, and a low-speed full admission operation region, the stored low-boiling point 
fuel is supplied to an engine. In this case, auxiliary fuel supply when the burden of a fuel separation means 
and a subf\iel-supply means is mitigated and the engine is operated in the predetermined operation region 
compared with the case where segregation and auxiliary fuel supply are performed in all engine operation 
regions is performed certainly, and smoked reduction in a predetermined operation region etc. is attained. 
[0012] 

[Example] In drawing 1 , it is the 4-cylinder diesel power plant which uses a gas oil fuel, and the engine 1 
equipped with the fuel supply system by one example of this invention is equipped with the inlet pipe 5 
which is open for free passage in the injection nozzle 4 for injecting into the cylinder which operates under 
control of a controller 2, and in which an engine 1 does not illustrate the high voltage fuel from the jet pump 
3 of a distribution mold, and this jet pump 3, and the cylinder of an engine 1, for example. 
[0013] While it supplies a main fuel in the cylinder of an engine 1 through a jet pump 3 and an injection 
nozzle 4, a fuel supply system supplies an auxiliary fuel in the inlet pipe 5 of an engine 1 , and it supplies the 
high-boiling point component of gas oil as a main fuel, and he is trying to supply a low-boiling point 
component as an auxiliary fuel in this example. For this reason, a fUel supply system is equipped with the 
fuel fractional distillation equipment 1 1 for separating the low-boiling point component and high-boiling 
point component of gas oil, and a gas oil fuel is supplied to this fuel fractional distillation equipment 1 1 
through the fuel pipe 12. 

[0014] Although a graphic display is omitted, fuel fractional distillation equipment 1 1 is equipped with the 
evaporation room which is open for free passage to the fuel pipe 12, and the heating pipe is arranged on the 
surroundings of this evaporation room. The end of a heating pipe is open for free passage to the 1st pars 
intermedia of the exhaust pipe of an engine 1, and the other end of a heating pipe is open for free passage 
from the 1st pars intermedia to the exhaust pipe in the downstream. For this reason, it flows in a heating 
pipe, and subsequently, a part of exhaust gas which flows the inside of an exhaust pipe flows the inside of a 
heating pipe, and it is discharged to an exhaust pipe. And the gas oil which the evaporation room was heated 
by the hot exhaust gas which flows the inside of a heating pipe, therefore was introduced into the 
evaporation interior of a room through the fuel pipe 1 2 is heated, the low -boiling point component of gas oil 
evaporates, it becomes fuel gas, and, on the other hand, the high-boiling point component of gas oil collects 
on an evaporation room pars basilaris ossis occipitalis as a high-boiling point fuel of a liquid. 
[0015] The high-boiling point fuel collected on the evaporation room pars basilaris ossis occipitalis will be 
supplied to a jet pump 3 through the high-boiling point fuel pipe 13, and will be further supplied to the 
cylinder of an engine 1 as a main fuel through a jet pump 3 and an injection nozzle 4. On the other hand, 
through the fuel gas pipe 14, it is introduced in the fuel reservoir tank 15 with a cooling system, it is cooled 
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by the cooling system (graphic display abbreviation) of the reservoir tank 15, liquefies, and the low-boiling 
point component evaporated in the evaporation interior of a room serves as a low-boiling point fuel with 
which the cetane number is highly rich in self-ignition nature. This low-boiling point fuel is supplied to an 
injector 17 through the low-boiling point fuel pipe 16. And a low-boiling point fuel is injected by the fuel 
atomizing unit 19 with the injector 17 by which actuation control is carried out by the controller 2. The fuel 
atomizing unit 19 supplies the auxiliary fuel which atomized and obtained the low-boiling point fuel to a 
chamber 18. 

[0016] This chamber 18 is open for free passage to the inlet pipe 5 of an engine 1 through the auxiliary fuel 
path 20. And the closing motion valve 21 for adjusting the amount of auxiliary fuel supply is allotted to the 
auxiliary fuel path 20, and the opening of this closing motion valve 21 is adjusted at it, the actuator 22, for 
example, the stepper motor, by which actuation control is carried out by the controller 2, 
[0017] The fuel atomizing unit 19 of this example is equipped with the oscillating hom 191 as shown in 
drawing 2 . This oscillating hom 191 has approximate circle tabular hom body 191a in which the injector 
mounting hole was formed, and this and hollow cylinder section 191b of one, and the injector 17 is fitted in 
the injector mounting hole. And projection 191c which projects in the method of the inside of radial of this 
hollow cylinder section in the shaft-orientations pars intermedia of hollow cylinder section 191b at the 
peripheral wall of hollow cylinder section 191b is formed in one, and it is formed at the head of hollow 
cylinder section 191b at the peripheral wall of hollow cylinder section 191b, and one so that 19 Id of 
reserve- well ball plates may plug up the considerable part of head opening. 

[0018] On the other hand, the annular electrostriction component 192 as an ultrasonic vibrator is allotted to 
the top face of the hollow cylinder section 191b and the opposite hand of oscillating hom body 191a, and 
this electrostriction component 192 is pinched with the clamping bolt 194 between oscillating hom body 
191a and a support plate 193. The fuel atomizing unit 19 has further oscillation equipment 195 by which 
actuation control is carried out by the controller 2. Although a detailed graphic display is omitted, the output 
side of the modulation section is connected to the electrostriction component 192 including the 1st and 2nd 
oscillation section for this oscillation equipment 195 to generate an ultrasonic frequency, for example, the 
40kHz 1st excitation signal, and predetermined frequency, for example, the 320Hz 2nd excitation signal, 
respectively and the modulation section for modulating the 1st excitation signal by the 2nd excitation signal. 
If a modulation section output is impressed, while the electrostriction component 192 is excited by the 
40kHz 1st excitation signal, it will be excited, for example by the 320Hz 2nd excitation signal. 
[0019] Hereafter, actuation of tiie fuel supply system of an above-mentioned configuration is explained. A 
controller 2 distinguishes whether the engine 1 is operated in the predetermined operation region with many 
smoked yields, for example, a start-up operation region, the acceleration operation region, or the low-speed 
full admission operation region during operation of a diesel power pl£tnt 1 based on the output signal from 
the various sensors which are not illustrated. 

[0020] If the engine 1 is operated in operation regions other than a predetermined operation region, under 
control of a controller 2, are-izing [ an injector 17 / un-operating ] and impression of the 1st and 2nd 
excitation signal from the oscillation equipment 195 of the fuel atomizing unit 19 to the electrostriction 
component 192 will be forbidden, and actuation control of the stepper motor 22 will be further carried out so 
that the closing motion valve 21 may close the valve. Consequently, injection of the low-boiling point fuel 
from the injector 17 to the fuel atomizing unit 19 stops, the atomization of the low-boiling point fuel by the 
fuel atomizing unit 19 is stopped, and a free passage with a chamber 1 8 and the inlet pipe 5 of an engine 1 is 
intercepted further. For this reason, the auxiliary fuel supply to the combustion chamber of an engine 1 is 
prevented, 

[0021] On the other hand, the high-boiling point fuel which consists of a high-boiling point component of a 
gas oil fuel is supplied to a jet pump 3 as a main fuel from fuel fractional distillation equipment 1 1 through 
the high-boiling point fuel pipe 13. And the high-pressure main fuel of the jet pump 3 by which actuation 
control is carried out by the controller 2 is supplied to each injection nozzle 4 to suitable timing, and is 
injected by the combustion chamber of an engine 1 fi-om an injection nozzle 4. 

[0022] If the engine 1 is operated in the predetermined operation region unlike the above-mentioned case, a 
stepper motor 22 will drive so that valve-opening actuation of the injector 17 may be carried out, and the 1st 
and 2nd excitation signal may be impressed to the electrostriction component 192 from the oscillation 
equipment 1 95 of the fuel atomizing unit 1 9 and a closing motion valve may open under control of a 
controller 2. Consequently, the low-boiling point fuel currently stored in the fuel reservoir tank 15 is 
supplied to guide projection 191c of the oscillating hom 191 of the fuel atomizing unit 19. At this time, the 
electrostriction component 192 is excited by the 1st and 2nd excitation signal from oscillation equipment 
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195, and is vibrating. And the low-boiling point fuel of guide projection 191c moves onto 191d of reserve- 
well ball plates by oscillation of the electrostriction component 192, and it is atomized by homogeneity, it is 
emitted in the air, and the fuel spray is formed. And since the electrostriction component 192 is excited by 
the 1st and 2nd excitation signal which differs in a frequency mutually, compared with the case where it 
excites by the excitation signal of single frequency, the whole low-boiling point fiiel is atomized good. 
[0023] And the uniform particles of a low-boiling point fiiel are scattered about into the air in a chamber 1 8, 
and serve as an atomized auxiliary fuel. Since the closing motion valve 21 is opened at this time, an 
auxiliary ftiel flows into the inlet pipe 5 of an engine 1 through the auxiliary fuel path 20, and is inhaled with 
the air which flows the inside of an inlet pipe 5 to the combustion chamber of an engine 1 . As mentioned 
above, if the engine 1 is operated in the predetermined operation region, an auxiliary fuel will be supplied to 
the combustion chamber of an engine 1 . On the other hand, a high-boiling point fuel is supplied to the 
combustion chamber of an engine 1 as a main ftiel like the case where the engine 1 is operated in operation 
regions other than a predetermined operation region. Thus, if the auxiliary fuel with which the cetane 
number consists of a low-boiling point fuel with high and sufficient self-ignition nature is supplied, the 
ambient atmosphere which is easy to light a combustion chamber will be formed, therefore the 
ignitionability to a main fuel will improve, and an ignition-delay period will be shortened. Moreover, since 
the auxiliary fuel is atomized, mixing with a fuel and air is promoted, an air utilization rate improves, and, 
thereby, a smoked yield decreases. 

[0024] it should observe ~ also when auxiliary fuels are a main fuel and a fuel of the same kind like this 
example, it is that the remarkable improvement in ignitionability and the smoked reduction effectiveness are 
done so. Moreover, if auxiliary fuel supply is performed only in a predetermined engine operation region, 
compared with the case where auxiliary fuel supply is performed in all engine operation regions, the 
processing engine performance demanded from fuel fractional distillation equipment 1 1 and the fuel 
atomizing unit 19 can be controlled moderately, and, thereby, low-cost-izing of both the equipments 1 1 and 
19 and miniaturization will be attained. 

[0025] Now, a part of exhaust gas which flows the exhaust pipe of an engine 1 flows the inside of the 
heating pipe of fiiel fractional distillation equipment 1 1 during engine operation. For this reason, the gas oil 
fuel of the evaporation interior of a room arranged by approaching a heating pipe is heated by exhaust air 
heat, and the low-boiling point component of a gas oil fiiel is evaporated. On the other hand, the evaporation 
interior of a room is covered with the high-boiling point component of a gas oil fuel as a high-boiling point 
fuel of a liquid, and it is supplied to a jet pump 3 through the high-boiling point fuel pipe 13 as mentioned 
above. That is, a low-boiling point component and a high-boiling point component can be separated, without 
using a special heat source. 

[0026] It is introduced in the fuel reservoir tank 1 5 through the fuel gas pipe 14, and it is cooled by the 
cooling system of this tank, and liquefies, and the low-boiling point component evaporated in the 
evaporation interior of a room serves as a low-boiling point fuel. This low-boiling point fuel is offered as an 
auxiliary fuel as mentioned above. In addition, even if separation with the low-boiling point component of a 
gas oil fuel and high-boiling point component in fuel fractional distillation equipment 1 1 produces delay to 
fuel consumption, it does not pass for the gas oil fuel containing both components to be supplied to a jet 
pump 3, and is convenient. Moreover, such a situation is canceled in a certain amount of time amount, and 
the restart of auxiliary fuel supply is attained if needed. 

[0027] this invention is not limited to the above-mentioned example, but is deformable to versatility. 
Although the example explained the case where it applied to the diesel power plant which uses a gas oil fuel, 
the gasoline engine of for example, a direct-injection method can also be equipped with the fuel supply 
system of this invention besides a diesel power plant. Moreover, although the auxiliary fuel which consists 
of a main fuel and a fuel of the same kind was used in the example, a main fiiel and an auxiliary fuel of a 
different kind may be used. 

[0028] Moreover, in the example, although the high-boiling point component of a fuel was mainly used as a 
main fuel, the both sides of the high-boiling point component of the fuel which may use the fuel which has 
not been divided into a low-boiling point component and a high-boiling point component as a main fuel, and 
has not carried out segregation, and a fuel may be used as a main fuel. Moreover, in the example, although 
exhaust air heat was used as a heat source of fiiel fractional distillation equipment, it may replace with this, 
and other heat sources, for example, an electrical heater, may be used, or the both sides of the heat source of 
exhaust air heat and others may be used. Drawing 3 shows the fuel fractional distillation equipment which 
made the electrical heater the heat source, and reference marks 111 and 112 show an electrical heater and an 
evaporation room among drawing, respectively. 
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[0029] Furthermore, it is not indispensable to equip the fuel supply system of this invention with a fuel 
atomizing unit. Moreover, although the fuel atomizing unit containing an electrostriction component was 
used in the example, other fuel atomizing units may be used, 
[0030] 

[Effect of the Invention] As mentioned above, a main-fuel supply means for the fuel supply system of this 
invention to supply the 1st fuel to an engine combustion chamber as a main fuel, Since it has a fuel 
separation means for separating the 2nd low-boiling point component and high-boiling point component of a 
fuel, and obtaining a low-boiling point fuel, and a subfuel-supply means for supplying in an engine inlet 
pipe by using a low-boiling point fuel as an auxiliary fuel The cetane number can supply the low-boiling 
point component of a fuel which is highly excellent in self-ignition nature as an aiixiliary fuel, for this 
reason, firing to a main fuel is promoted, an ignition delay can be shortened, a sudden rise of combustion 
chamber internal pressure is controlled, and the operation noise can be reduced. 

[0031] Moreover, according to the suitable mode of this invention using the 2nd fuel which is the 1st fuel 
and fuel of the same kind, also when a main fuel and an auxiliary fuel are of the same kind, the considerable 
ignition-delay compaction effectiveness etc. can be attained. Moreover, in the suitable mode equipped with 
a fuel atomization means to have an ultrasonic vibrator etc., since a low-boiling point fuel is atomized and it 
offers as an auxiliary fuel, the ignitionability of an auxiliary fuel improves further and an ignition delay can 
be shortened. Moreover, mixing with an auxiliary fuel and air is promoted, an air utilization rate is 
improved, and a smoke can be reduced. 

[0032] According to the suitable mode supplied as a main fuel with the 1st fuel, using a high-boiling point 
fuel as the 1st fuel, a high-boiling point fuel can be used effectively, without causing ignitionability 
lowering. According to the suitable mode which separates a low-boiling point component and a high-boiling 
point component using engine exhaust air heat, the special heat source for segregation becomes unnecessary. 

[0033] Moreover, while supplying gas oil to a diesel power plant as a main fuel, according to the suitable 
mode which supplies the low-boiling point component of gas oil as an auxiliary fuel, the combustion 
condition in a diesel power plant can be improved, furthermore, in the suitable mode which controls the 
amount of auxiliary fixel supply by the subfiiel-supply means according to an engine operation condition For 
example, since the stored low-boiling point fuel is supplied to an engine when the engine is operated in the 
predetermined operation region including a start-up operation region, an acceleration operation region, and a 
low-speed full admission operation region Mitigating the burden of a fuel separation means and a subfuel- 
supply means in all engine operation regions compared with the case where segregation and auxiliary fuel 
supply are performed, auxiliary fuel supply when the engine is operated in the predetermined operation 
region can be performed certainly, and, thereby, smoked reduction in a predetermined operation region etc. 
can be attained. 

[Translation done.] 
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The low boiling point fuel is injected from the storing 
tank 15 through an Injector 17 to a fuel vaporizing 
device 19. The ksw boiling point fuel vaporized by tiie 
lUel vaporizing devtoe 19 is supplied into an intake 
pipe 5 as assistant luel. 
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